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Fluctuations nt and Phase Transition

e Onset of deconfinement indicated in <
inclusive observables at low SPS s
energies i

quark gluon plasma

e Can fluctuations convey more _
iInformation 100F

- About the onset of deconfinement?

- hadrons Soer
At the phase transition, 2 distinct event A Me W
classes or the mixed phase may be reflected 500 1000
in larger event-by-event fluctuations w, (MeV)

Critical Point and crossover:

- On the nature of the phase transition and in Fodor et. al.: JHEP 0404 (2004) 050

particular about the critical point?

Diverging susceptibilities near the critical
point are directly connected to fluctuations

(cf. e.g. Stephanov, Rajagopal, Shuryak, Phys.Rev.D60:114028;
Gorenstein, Gazdzicki, Zozulya Phys.Lett. B585 237)



e Experiment: details relevant to fluctuation analysis
- Acceptance

- Centrality determination

e Hadron ratio fluctuations
- Signature for the onset of deconfinement and the critical point?

- NAA49 results on K/m1, p/mt, and K/p fluctuations

e Critical point effects on fluctuations
- Multiplicity, <pr> fluctuations at SPS
- Estimated critical point effect

- Net baron or proton Kurtosis: Expected effects from phase transition and critical point



e | arge volume Time Projection Chambers (TPCs):

- Tracking in magnetic field:
— momentum, charge

- Specific energy loss dE/dx: \
— PID of p, K, 1, ... : Resolution 3-4% TR

COLL VCAL

- Acceptance:
- Mainly y > 0
- Full pt range

- Limited ¢ acceptance; pr, y dependent

50

- Acceptance is changing with energy

-150 -100 -50 0 50 100 150
¢ [deg]
For inclusive measurements, azimuthal acceptance can be corrected for
Correlations and Fluctuations are affected by acceptance
— Has to be taken into account in model comparisons!



=500 NA49: Centrality Determination

e Veto Calorimeter (VCAL): e | [ \
el BT
- Measurement of projectile spectator g i [l H
energy — centrality of collision ”’“" Wl;m\ W;w:\ [rl \ ;H [l

- Number of projectile participants can be derived

- Number of all participants (Npart) can be calculated in Glauber MC model

e Fluctuations in Npart must be minimized

- Fluctuations of extensive quantities
(e.g. multiplicity) are directly affected

| Pb+Pb, 158 A GeV I’

E N
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- Fluctuations of intensive quantities
(e.g. ratios, <p1>) are indirectly affected

[

* In very central collisions S
projectile participants
(experimentally fixed)

Fluctuations in
target participants

(=

Phys.Rev. C73 034902

(=]

- The number of projectile participants is fixed

- Fluctuations of all participants are minimized



Experiment ata Sets

Data sets analyzed for the shown fluctuation results

Energy VSNN System | Centrality | Statistics
158A GeV 17.3 Pb+Pb 10% 800k
C+C, Si+Si | 15%, 12% | 220k, 300k
p+p min. bias 6.8M
80A GeV 12.3 Pb+Pb 7% 300k
40A GeV 8.7 Pb+Pb 7% 600k
30A GeV 7.6 Pb+Pb 7% 440k
20A GeV 6.3 Pb+Pb 7% 360k

+ stricter centrality selection
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Ratio Fluctuations oduction

e Hadron Ratios ...
- ... are an intensive quantity
- ... characterize the chemical composition of the fireball

- ... not affected by hadronic re-interaction when looking at conserved quantities
(baryon number, strangeness)

e Change of particle (e.g. strangeness) production properties at the

phase transition Phase A Phase B
A A
-~ Two event classes # #
- Larger fluctuations in /\ /\
the mixed phase >
N
Mixed phase
44
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Ratio Fluctuations yduction

e | attice calculations show change in quark number susceptibilities
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F. Karsch, PoS (CPODOQ7) 026 and PoS (Lattice 2007) 015

- Direct connection to number fluctuations ' ~ <N2>
- Step seen for light and strange quarks
- Smooth transition at yg = 0

- Light quark number susceptibility diverges at the critical point



Ratio Fluctuations 0 Introduction

Koch, Majumder, Randrup

PRL 95 182301, 2005 e Suggested as “A Diagnostic of Strongly

231.4 ......................... Interacting Matter”
& 12f ]
g&n.o}— - QGP: strangeness is carried by strange quarks -
£ osf - Baryon Number and Strangeness are correlated
S oo ] . .
8 ..l oo ] - Hadron Gas: strangeness is carried by K and A -
2 e—e Hadron gas ] Baryon-Strangeness correlation changes with pg
° ]
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8ol _ _ N _
O Eayon chomica patentia w, M) - Lattice QCD confirms phase transition effect at pus=0
- Hadron gas behavior reproduced in UrQMD
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Cheng, Karsch et al.: arXiv:0811.1006 [hep-lat]



Ratio Fluctuations p Introduction

Correlation coefficient, CBS = OBSIOSS‘

Koch, Majumder, Randrup
PRL 95 182301, 2005
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Baryon chemical potential, u, (MeV)

e Suggested as “A Diagnostic of Strongly
Interacting Matter”

- QGP: strangeness is carried by strange quarks -
Baryon Number and Strangeness are correlated

— Lattice : - Hadron Gas: strangeness is carried by K and A -
e e ’ Baryon-Strangeness correlation changes with ps
L ey - Lattice QCD confirms phase transition effect at ps=0

- Hadron gas behavior reproduced in UrQMD
(BS) — (B)(S) J P

-3
(52) — (5)2 — Find measurable proxy: K/p
BS
Xll 2 w 14
_3—8 U1 S - ——aA J° i
X v - UrQMD v2.3 .
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_ ) Lo o
CBS=-3X% i T
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Cheng, Karsch et al.: arXiv:0811.1006 [hep-lat]




Ratio Fluctuations oduction

e Extract event-by-event hadron ratios (e.g. K/m1) from
- real measured events (@)

- mixed events (=)

g Pb+Pb (3.5%) 510 b+Pb (3.5%)
SR 20A GeV SI 158A GeV
10°F 10°
102 102%
10 10%
E T E T T 71T T
T T "t L
o 05 1 15 ~0 01 02 03 04
K/n K/n

e Extract dynamical fluctuations as quadratic difference of relative
widths:

2 e 2 2 2 2
Odyn — Sign (Odata o Omix) \/’O-data o O-mix‘



Ratio Fluctuations Ratio

~ 10
2 - B NA49 data ‘s .
= I T STAR data e K/mt: Positive dynamical
2 8 I z fluctuations
S [ i
5 - lT - Dominated by kaon number fluctuations
B |
I 1
- . I - Steep rise towards low SPS energies
4 . & %
- to. | ~ No variation from top SPS energy to
2 RHIC energy
0_ L] L
10 10°
\syy (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: arXiv:0901.1795 [nucl-ex]
Submitted to Phys. Rev. Lett.
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Ratio Fluctuations Ratio

Ogyn (P/7) (%)

10

®  NA49 data
STAR preliminary
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NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: Quark Matter 2009 Poster

e p/tt: Negative dynamical
fluctuations

- Correlation due to resonance decay is

dominant
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Ratio Fluctuations Ratio

Gayn (K/P) (%)
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- "|' -
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10 10
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STAR: Quark Matter 2009 Poster

e K/p: Two sign changes
- Negative plateau at higher SPS energies
- Positive plateau at RHIC

- Jump to positive values at 20A GeV

13



Ratio Fluctuations . Transport Models

10

S = NA49 data e K/m: Positive dynamical
= [ | STAR data fluctuations
E 8 o
= [ |l
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10 102
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NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: arXiv:0901.1795 [nucl-ex]
Submitted to Phys. Rev. Lett.

HSD: Phys.Rev.C79:024907,2009



Ratio Fluctuations . Transport Models

10 y .
= NAd data e K/m: Positive dynamical

oA cee fluctuations

| — UrQMD v2.3 - NA49 acc.

- Rise towards low energies not

Ogyn (KI) (%)

i I

[ Il i
6 i lT reproduced by UrQMD
4~ & T ! %

: ! P
0_......| L

10 10?
\Isyy (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: arXiv:0901.1795 [nucl-ex]
Submitted to Phys. Rev. Lett.

HSD: Phys.Rev.C79:024907,2009 y



Ratio Fluctuations . Transport Models

~ 10 y .
L T . " NA49 cata e K/mi: Positive dynamical
— | STAR data .
S 8 [ — UrQMD v2.3 - NA49 acc. fIUCtuatlonS
= - i E B UMD v2:3 - STAR ace. — Rise towards low energies not
5 ek i reproduced by UrQMD
- T_m
I %A T - No large acceptance effect
4 TA & N -
: I g 1
2-
0_......| i
10 10°

\[Snn (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: arXiv:0901.1795 [nucl-ex]
Submitted to Phys. Rev. Lett.

HSD: Phys.Rev.C79:024907,2009 y



Ratio Fluctuations
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: Transport Models

10
- B NA49 data
i STAR data
8 [ —— UrQMD v2.3 - NA49 acc.
: lI UrQMD v2.3 - STAR acc.
- I T e HSD
R
i ] J__/T\h o
i INTINT | T T
4 I A s -- '“~_:_E‘ ..... =
B H B x - ¥
_ i T 1
2— 1
0 i 1 1 1 | 1 1 1 1 1 1 1 1 |
10 10
\Sny (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: arXiv:0901.1795 [nucl-ex]
Submitted to Phys. Rev. Lett.

HSD: Phys.Rev.C79:024907,2009

o K/m: Positive dynamical
fluctuations

- Rise towards low energies not
reproduced by UrQMD

- No large acceptance effect

- HSD catches trend, fails high SPS data
see talk by V. Konchakovski for details
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Ratio Fluctuations DIscussion

e Statistical model and HSD comparison

— see talk by V. Konchakovski for details

- ———— - 8 ———— .
B NA49 I
i * STAR ] 6 i
----- o HSD full acc
—e— HSD exp acc : 4L A
o, ‘e
| 2, RS
~ 2 f OO0 - o ]
= A== === = N
o 7 e
= - 0 - , .
i / —eo— HSD
I ] 2L /3/ - o - SM GCE
i p -4 -SM CE
/ SM MCE
-4 - . 1
| M| L | M|
10 100 10 1
S (GeV) \[S.. (GeV)

Phys.Rev.C79:024907,2009
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Ratio Fluctuations /Tt; Discussion

e Scaling behaviours?

* 200 GeV
® 62.4 GeV
® NA49 a?lyn

- Different energies show a common
dN/dn scaling at RHIC 1077 )

Vdyn,K=

-~ Central NA49 data still show a deviation
from this scaling - Effect of changing
acceptance?

1073

STAR:

- NAA49 data scales when using T
multiplicities in acceptance:

V. Koch, e.g. kaons \

1 |

(K) 3

-~ UrQMD results don’t scale '\&\"\"-f'

Odyn X

N

V. Koch: this wlorkshopA

e Contradicting interpretations - K/mt | -
fluctuations remain interesting! E_(Gev)

e New NA49 results on centrality dependence of K/t fluctuations
— see talk by D. Kresan for details

arXiv:0901.1795 [nucl-ex]



Ratio Fluctuations . Transport Models

Ogyn (P/7) (%)

10

®  NA49 data
STAR preliminary

[ I I | I I I I
—
|—

10 10?
\syy (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: Quark Matter 2009 Poster

e p/tti: Negative dynamical
fluctuations

- SPS energies explained in UrQMD

- Discrepancy at RHIC
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Ratio Fluctuations . Transport Models

Gayn (/) (%)

10

B NA49 data
STAR preliminary

— UrQMD v2.3 - NA49 acc.
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NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: Quark Matter 2009 Poster

e p/tti: Negative dynamical
fluctuations

- SPS energies explained in UrQMD

- Discrepancy at RHIC
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Ratio Fluctuations . Transport Models

Gayn (/) (%)

10

B NA49 data
STAR preliminary
— UrQMD v2.3 - NA49 acc.
UrQMD v2.3 - STAR acc.

I I [ | I I [
H
e ———
|—

10 10°

\sy (GeV)

NA49: arXiv:0808.1237 [nucl-ex]
To appear in Phys. Rev. C

STAR: Quark Matter 2009 Poster

e p/tti: Negative dynamical
fluctuations

- SPS energies explained in UrQMD

- Discrepancy at RHIC
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Ratio Fluctuations sport Models

Gayn (KIP) (%)

10

I T -
L m _
i ll X
i IT m  NA49 preliminary
- i s " STAR preliminary
. Lo L
10 10°
\[Syy (GeV)
STAR: Quark Matter 2009 Poster

e K/p: Two sign changes

High SPS data reproduced in model
RHIC data as well

Jump between SPS and RHIC is not
due to acceptance!

Jump at 20A GeV not described

18



Ratio Fluctuations sport Models

Gayn (KIP) (%)

10

L
- | | -
i i %
- Il -
| - B NAA49 preliminary
— u STAR preliminary
: — UrQMD v2.3 - NA49 acc.
i 1| | | | | | | 11 | |

10 10

\Isyy (GeV)

STAR: Quark Matter 2009 Poster

e K/p: Two sign changes

High SPS data reproduced in model
RHIC data as well

Jump between SPS and RHIC is not
due to acceptance!

Jump at 20A GeV not described

18



Ratio Fluctuations sport Models

Gayn (KIP) (%)

10

—a—

B NAA49 preliminary

L STAR preliminary
— UrQMD v2.3 - NA49 acc.
UrQMD v2.3 - STAR acc.

10 10

\ISy (GeV)

STAR: Quark Matter 2009 Poster

e K/p: Two sign changes
- High SPS data reproduced in model
- RHIC data as well

- Jump between SPS and RHIC is not
due to acceptance!

- Jump at 20A GeV not described

18



Critical Point Iction

e SPS energies: Freeze-out close to
conjectured phase boundary and ~
Critical point E i quark gluon plasma

=

e Strong fluctuations of the chiral
condensate at the critical point
should be reflected in the pion

number and <pt> fluctuations
(Stephanov, Rajagopal, Shuryak, i
Phys. Rev. D60: 114028, 1999) - hadrons

1001

1 [ i |
e Compare fluctuation measures to 500 1000

the estimated critical point effect

19



Critical Point jations

P(n)

e N is an extensive quantity!

e Measure used in NA49: scaled variance,

- Avoid volume fluctuations: Strict centrality selection: 1%

- Measured width compared to Poissonian

- h-: data narrower than Poisson, w < 1

- Energy dependence: Trend reproduced by UrQMD

0.06

0.05

0.04

0.03

0.02

0.01

- Data
. Poisson

4]

| | | | |
110 120 130 140 150 160 170 180 190
n(h)

data/poisson

o ©O ©o © - ek ek A
N DO ® a MDD N

o

| | | | | | 1 |
110 120 130 140 150 160 170 180 190
n(h)

158A GeV, 1<y<yBeam

w(h)

Var(n) <n2> —(n)?

W= —~2 —
(n) (n)
1.3
B NAA49 Pb+Pb
195 O UrQMD,b=0  '<Y® <Y,
¢ UrQMD
1.1+
1._ .....................................................................
i -
o9~ - § g o
0.8 .
| |
5 10 1



Critical Point

fluct. at CEP:
27 —all charged; £=3 fm

e all charged

---allcharged; =6 fm ,+7s

1<y <y an

fluct. at CEP:
|~ — neg. charged;&=3 fm
- == neg. charged;E=6 fm

m negatively charged
A positively charged

1<y*<y*

T beam

500 200

u, [MeV]

NA49 data:
Phys. Rev. C79: 044904, 2009

us from hadron gas fit:
F. Becattini et al,
Phys. Rev. C73: 044905, 2006

Amplitude of effect:

Stephanov, Rajagopal, Shuryak,
Phys. Rev. D60: 114028, 1999
and private communication

Position of critical point:
Z. Fodor and S. Katz,
JHEP 0404, 050, 2004

Width of critical point:
Y. Hatta and T. Ikeda,
Phys. Rev. D67: 014028, 2003
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Critical Point Uctuations

e Fluctuation measure:

2 Z (oS mm),  e—n-z
b = <N>_\/; (Z;(:cz—x), z:c—a:)

- ® =0 for independent particle production

- independent of volume and multiplicity fluctuations

r— A o
-‘_é’ 10 = 6-
c X £ i
= @ i 20A GeV
g 102F "E 4r
Td Q i
7] ~ I
2 103k & 2
| . m.u L
|5 o |
L E S L
10E @ 20AGeV E oF L +
o |
[ —— 20A GeV mixed i -
L.

10-5 " | " 1 _2- N 1 " . N | L " " 1
0.2 0.4 0.6 0.2 0.4 0.6
M(pT) [GeV/c] M(pT) [GeV/c]



e Flat energy dependence, reproduced by UrQMD

@, [MeV/c]

107

T T T Y

o T T T

® 7.2% Pb+Pb (all)
— UrQMD

I

W 7.2% Pb+Pb (neg.)
— UrQMD

A 7.2% Pb+Pb (pos.)
— UrQMD

I

\Sn [GEV]

10
\ls_NN [GeV]
NA49 data:

Phys. Rev. C79: 044904, 2009

15
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Critical Point

Uctuations

fluct. at CEP: e all charged

-
a

— all charged; =3 fm p, < 1.5 GeV/c

- == all charged; €=6 fm

©
=~
>
(V]
=
Tl

-

o
=)

—h
o
LA B I S
-~
]
4

fluct. at CEP:

— neg. charged; =3 fm
- == neg. charged;E=6 fm

m negatively charged
A positively charged

p, < 1.5 GeV/c

400

500 200

u, [MeV]

NA49 data:
Phys. Rev. C79: 044904, 2009

us from hadron gas fit:
F. Becattini et al,
Phys. Rev. C73: 044905, 2006

Amplitude of effect:

Stephanov, Rajagopal, Shuryak,
Phys. Rev. D60: 114028, 1999
and private communication

Position of critical point:
Z. Fodor and S. Katz,
JHEP 0404, 050, 2004

Width of critical point:
Y. Hatta and T. Ikeda,
Phys. Rev. D67: 014028, 2003
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Critical Point Size dependence

C+C Si+Si

160

140

120

100

Becattini et al., Phys. Rev. C 73, 044905

e Small systems freeze out at higher temperatures:

# CP,
L

NA49

CP,

|
300

|
400

|
500

|
600
Hg (MeV)

140

120

100

pP+p

Pb+Pb

[

.
A
I
*e* T chemical freeze-out
L -

at 158A GeV

- Chemical and kinetic freeze-out temperatures decrease with increasing system size

e A 2-D scan (T,us) is possible by varying (A,/s)

e System size limits correlation length in small systems

25



~ Systern size dependence at 158A GeV  CP, location

— Average p. fluctuations (PRc70, 034902, 2004) H,(CP,) = 250 MeV =y, (A+A at 158A GeV)

T (CP2) =178 MeV =T___ (p+p)

3 10 _ - B a" - +

-  all charged - neg. charged - pos. charged AA p

= i - : ;** C+C.
p BB sissi

o

! w P I _ CY Y
A )
- A Y - =
5 i

fluct. at CP, r
— E(Pb+Pb)=3fm [ | . -
! = = £(Pb+Pb)=6 fm -
S5E | | | N | | T ] | |

140 160 180 200 140 160 180 200 140 160 180 200

Tenem [MeV] Terem [MeV] Tepem [MeV]

CP, predictions (curves) normalized to reproduce @ value for central Pb+Pb collisions

— Maximum of ® _ observed for C+C and Si+Si
— Increase ~ two times larger for all charged than for negatively charged particles

Data are consistent with the CP, predictions

(K. Grebieszkow, QM2009)
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A
)

" Systern size dependence at 158A GeV

— Multiplicity fluctuations
(p+p - PRC75, 064904 (2007); Pb+Pb - PRC78, 034914 (2008);
C+C, Si+Si - B. Lungwitz, PhD thesis)

CP2 location:

T(CP,)=178 MeV =T___(p*+p)

3 [ all charged [ neg. charged [ pos. charged all - +
! . L AAA pw
C+C
[ HEN sissi
1.5 " - L @0 ® ru:rbp
»" = “
"c‘ . .
1 _ fluct.atcp, | 7**'-,—‘—- _ ‘! .- *Tﬁ—‘
— 5(Pb+Pb)=3 fm | — e | —_
- = &(Pb+Pb)=6fm | !
| | | | | | | | | | | |

140 160 180 200 140 160 180 200 140 160 180 200
Tehem [MeV] Teem [MeV] Tehem [MeV]

CP, predictions (curves) normalized to reproduce o value for central Pb+Pb collisions

— Maximum of ® observed for C+C and Si+Si
— Increase ~ two times larger for all charged than for negatively charged particles

Data are consistent with the CP, predictions

(K. Grebieszkow, QM2009)

1 (CP,) = 250 MeV = i, (A+A at 158A GeV)
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e Energy dependence of hadron ratio fluctuations
- p/mt: Understood in terms of resonance decay and reproduced by hadronic models
- K/m: Contradicting interpretations - remains interesting!

- K/p: Non-trivial excitation function - not easy to model

e Critical point effects on fluctuations

- Central Pb+Pb energy scan:
Multiplicity and <pt> fluctuations show no enhancement at SPS energies

- System Size dependence:
Enhanced fluctuations in smaller systems

- Estimated critical point effect is parameter dependent

28



Outlook ents: Kurtosis

e Critical point effect R

— m =138 MeV

- Higher moments are more sensitive to ~ $2328 ey |

diverging sigma field:

(N?)oc €2, (N*) oc£”

(Stephanov: PRL 102, 032301 (2009)) N ]
- Divergence should be reflected in net ol

. 0.5 1 1.5 2 2.5 3
baryon and net proton kurtosis TIT,

arXiv: 0809.3129 [hep-ph
- Divergence of kurtosis confirmed in chiral v [hep-ph]

model
2.0
_— B, B il
e Phase transition effect y xale %

- In net baryon kurtosis HRG W%
1.0 + N;=4 —o

-~ Seen by lattice QCD at ps=0 T 6=
05

- Should be measurable via net protons - V].}g,% : s

e e —-

00 1 50 260 250 360 350

off 2\ (6N%) 2\ _ X4 e
K" =K (N)(0N*) = (5NZ)y — 3{(0N=) = X2 arXiv: 0811.1006 [hep-lat]



5 ok
Mo L ] l UrQMD v2.3 | v
- o
0_%.31 - S B Y
- T T ; T =
L % ll l ()
i x O
2ol ] % e
SR g
i 07 L l o Net Baryons 8
40 .| | Q
. T * Net Protons ©
i IL 8
-] * Net Charge 5
_60_ 1 II| 1 1 1 1 IIII| E

10 10*

SNN

e Calculate a baseline for future measurements in UrQMD:
- High moments require large, but experimentally achievable statistics (~1M)
- Results at RHIC energies confirm predictions and are compatible with STAR results

- Large negative values when going towards interesting energy range:
For net baryons and (weaker) for net protons



Kurtosis ects

A
Pb+Pb 20A GeV dN/dy

ly| < 0.5
UrQMD v2.3

e Net B e-by-e distribution: ¢ Net B rapidity distributior?

- Compared to Poisson, weight is - 4mintegral: constrained to N=2A

shifted from tails to flanks
- in acceptance<<4rt: net baryons

can fluctuate freely

. 'g - g & I I I p—

e Net B kurtosis - L T e
2L . qé)_

- Inacceptance<<4m: K=0 I <
50— @ ~—

H = —

w— fOF 4]-[: K:0 (6 funCtlon) O baryon kurtosis ©))
® proton kurtosis r}_| N

. % charge kurtosis @ (ap)]

- for acceptances approaching 4rt: ok 5 S
large negative values . . ©

R R
100

N IR
200

P R
300 400
net Baryons in acceptance
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20

K eff

UrQMD v2.3
’ § .

@1

e Exact quantum number
conservation affects net
baryon and (to less extent)
net proton fluctuations
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o Net Baryons
-40

HH

® Net Protons

* Net Charge

-60

—]—

II| 1 1 IIIIII|
10 102

e At high RHIC energies: acceptance sufficiently small S

NN

e | ower energies: baryon number conservation in 41 becomes
noticeable

e Baseline effects have to be taken into account:
- Phase transition: background >> signal

- Ciritical point effect probably not affected

arXiv: 0903.2911 [hep-ph]



End.
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<p1> Fluctuations vare to CERES, STAF
;;{ . N__. scaling 1 1 _ i &l P?/E_le
= N::,T scaling | { 10 T ‘}‘% *

1.5F

1++ *++ e ; f Thgaﬂh

R S S e T |
oy e == e
GCERES: Nucl.Phys.A727:97-119,2003 PHENIX: J. Mitchell, this workshop
T i T 1 158 A GeV I
o CERES and PHENIX see enhanced | =T

fluctuations in peripheral collisions

e Systematic comparison of different
measures Is needed

Phys.Rev. C73 034902

e For fluctuations, peripheral collisions
are not like small nuclei collisions!




Ratio Fluctuations Jiscussion

0f e
e Effect of changing acceptance? B
P A
; il i"\‘T.\'.;_A.\\.*\ |
e NA49 data scales when using B
multiplicities in acceptance I

V. Koch: EMMI workshop 2009, Minster

e Contradicting interpretations - K/mt fluctuations remain interesting!

Talk to V. Koch if he wants to show it



e Comparison of NA49, CERES and
STAR results - energy dependence

T

@, [MeV/c] (all)

i b

20~

7.2% Pb+Pb (NA49)
1.1<y <26 and Yy <Yoeam -0.5

6.5% Pb+Au (CERES)

22<n<2.7
" "

-10—

or Aome (all) [Mev/c]

T

@p

100

(2
o

Candiate for being skipped

Phys. Rev. C79: 044904, 2009

o 72% P'b+Pb (NA491 @, )
11< y. < 2.6 and yp < ybeam-O.S

m 6.5% Pb+Au (CERES, @,) *
22<n<27 *

4  central {\u+Au (STAR,Aq,, )
-1.0<n <1.0

.. central Au+Au (STAR,Ac, )
-0.75<n <0.75

*

\[Syy [GeV]
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Critical Point Size dependence

p+p C+C Si+Si Pb+Pb at 158A G

* Thermal freeze-out is also 200
. . -
higher in small systems $ | ]
=10 !
- A 2-D scan (T,“B) IS pOSSible by \Pwl‘freeze-out
varying (A,\/s) 160/ | . ' :
® T
® 140 | :
120
100 | Ll | Lol | Lol
1 10 10° 10°
<Ny>
-8 0'53 @ <K*(892)>/K*
Q‘g - W B <K*(892)>/K
0.4:— ®
0.3 + +
0.23_
0.1 0
01 10 ”1102 10°

Ny 37



Critical Point , stion

wt ,
o CritiCal I’eg ion 1N ‘ S A
1_ ............. = :
e Estimates for Magnitude j O35 NN
of fluctuations : G 7;{""”"’"‘;%:;“ .
Amplitude of effect: | “ “““““““““““““\
Stephanov, Rajagopal, Shuryak, , R IR Ry s
Phys. Rev. D60: 114028, 1999
and private communication

S
Position of critical point: 1 9 1 3§)

Z. Fodor and S. Katz,

JHEP 0404, 050, 2004 Y6773

Width of critical point:
Y. Hatta and T lkeda, 144.08

Phys. Rev. D67: 014028, 2003 200




Critical Point oNn

min

T (MeV)

e Critical region

e Estimates for Magnitude
of fluctuations 150

Amplitude of effect:

Stephanov, Rajagopal, Shuryak,
Phys. Rev. D60: 114028, 1999
and private communication

Position of critical point: 10 |

Z. Fodor and S. Katz, OO 500

JHEP 0404, 050, 2004

u (MeV)
B

Width of critical point:

Y. Hatta and T. Ikeda,

Phys. Rev. D67: 014028, 2003
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At CP enlarged fluctuations of mean multiplicity and mean transverse momentum
Stephanov, Rajagopal, Shuryak, PRD60, 114028 (1999)

(T, ngy) phase diagram can be scanned by varying energy and system size

200
180—
CP
160— ——
140—
top low
120— SPS SPS
| | | |
100 300 400 500 600
ng (MeV)

= Non-monotonic dependence of critical
point signal on control parameters (energy,
centrality, ion size) can help to locate the
critical point

A or system size

Vs

NN

o CPsignal
. P

Si+Si 50\ i 40 QD
T C+C N\ 30 S
0 NG 20 _Lg;t\‘ Bg 6



event-ny-event transverse momenturm and rnultiplicity fluctuations

®__ - measures transverse momentum ® - measures multiplicity fluctuations

fluctuations on event-by-event basis on event-by-event basis

single-particle variable z, =p,— p; Scaled variance of multiplicity distribution
pr - inclusive average V(N)

N w=——->=>
event variable Z A = Z (pr—pPr) (N)

=i where variance V (N)=(N>)—(N )
(summation runs over particles in a given event)

(Z,) =
¢,= (N _\/Z\pf

(...) - averaging over events

If A+A is a superposition of independent N+N
D (A+A) = D (N+N) ® (AtA)=w® (N+N)+<n> O
®__is independent of N . fluctuations < n> - mean multiplicity of hadrons from a single N+N

o - fluctuations in N__,

@ is strongly dependenton N__ fluctuations

For a system of independently emitted For Poissonian multiplicity distribution
particles (no inter-particle correlations)

_ _ 7
CDPT =0 0=1



T | 158 A GeV r
¢ In NA49 fixed target experiment 4L pr— o
F —s—UrQMD
¢ Npartproi can be fixed (spectator energy _ [ .‘f%{
measured by Forward Calorimeter) 8 3 "
¢ N 9 cannot be measured and its s Wbl K
fluctuations can be suppressed only S [
by selection of very central b '
collisions 4
1§

Multiplicity fluctuations (®)

presentecl here are for very ®__ "9 -fluctuations in the number of target
central (1%) collisions pa

participants for a fixed Npartproj

Konchakovski et al., PRC73, 034902 (2006),
and private communication
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sets (for @ and o measurements):

(D

Energy dependence for central Pb+Pb collisions

a Central Pb+Pb interactions (7.2% most central for @ _and 1% most central for )
@ kinematic acceptance

¢ for®_:forward-rapidity 1.1 <y*<2.6 and 0.005 <p_< 1.5 GeV/c; y y -0.5 (toreject

prOJectlle spectator domaln)

¢ for ®: forward rapidity region 1.1 < yn* < Yieam

@ [imited azimuthal acceptance (for details see corresponding papers)

/W

517 ndence at 158A GeV

(13
gy

dep
3 p+p, C+C (1%), Si+Si (1%) and Pb+Pb (1%) for o;
p+p, semi-central C+C (15.3%) and Si+Si (12.2%), 5% most central Pb+Pb for @__

@ kinematic acceptance
¢ for (DPT: forward-rapidity 1.1 <y *<2.6 and 0.005 <p_ <1.5 GeV/c

Systemn ¢

U’
(D

¢ for@: forward rapidity region 1.1 <y*<y (1.1 <y*<2.6 for p+p points)

@ [imited azimuthal acceptance (for details see corresponding papers)



Critical point predictions for multiplicity and transverse moment. fluctuations

Magnitude of fluctuations at CP from Stephanov, Rajagopal, Shuryak PRD60, 114028 (1999)
with correlation length £ =min (c, A", ¢, A"?) =

min (limit due to finite system size, limit due to finite life time)
(M. Stephanov, private communication)
where c, and c, are fixed such that

¢ {(Pb+Pb) =6 fmand g(p+p) =2fm (c,=2,¢,=3.32)
¢ §(Pb+Pb) =3 fm and (ptp) = 1fm (c, =1,¢,=166)

Width of CP region in (T, p_) plane based on Hatta, Ikeda PRD67, 014028 (2003)
o(ug) ~ 30 MeV and o(T) =~ 10 MeV

Chemical freeze-out parameters, T(A,Vs,,) and p (A,vs,,) from Beccatini, Manninen, Gazdzicki
PRC73, 044905 (2006)

200

180 # CP,
t

160—

Location of the Critical Point:
two examples considered
¢ u (CP,) = 360 MeV (Fodor, Katz JHEP 0404, 050 (2004))

T(CP,) =~ 147 (chemical freeze-out temperature T___
for central Pb+Pb at p, = 360 MeV) M- NA49

120—

T (MeV)

CP,

¢ u (CP,) = 250 MeV (u, for A+A collisions at 158A GeV)
T(CP,) = 178 MeV (T __for p+p collisions at 158 GeV) 309 0 =05 600

n_ (MeV)




o)

~ Energy dependence for central Pb+Pb ¢ location:

— Average p. fluctuations (arxiv:0810.5580) u (CP,) = 360 MeV
T(CP,) ~ 147 (chemical freeze-out

temperature for Pb+Pb at p = 360 MeV)

| all charged fluct. at CP, [ neg. charged [ pos. charged

| — E::S fm

T

o, [MeVic]
o

== £=6fm

. - e S
5
1 1 | L b 1 1 L b 1 1 1
200 300 400 500 200 300 400 500 200 300 400 500
u [MeV] kg [MeV] ug [MeV]

base-lines for CP, predictions (curves) are mean ®__values for 5 energies

— No significant energy dependence at SPS energies

Data do not provide evidence for critical point fluctuations 11



p
=0

Energy dependence for central Pb+Pb  CP, location:

— Multiplicity fluctuations (PRc78, 034914 (2008)) Hy(CP,) = 360 MeV
T(CP.) ~ 147 (chemical freeze-out

temperature for Pb+Pb at u, = 360 MeV)

3
| all charged fluct.atCP, | neg. charged | pos. charged
2r — =3 fm - o
: o " &=6 fm
1.5 : ‘l B B
1p-----=-=-=--==----- "' “ ‘ """ _""‘_'_ ““““““““““““ ” ‘7'“ "“‘t:“"’_".‘_““"'"'"""""‘"",“ ““““ “‘: ““““““
il & = &
| | | I | | I I | | I I
200 300 400 500 200 300 400 500 200 300 400 500
kg [MeV] ug [MeV] kg [MeV]

base-lines for CP, predictions (curves) are mean o values for 5 energies

— No significant energy dependence at SPS energies

Data do not provide evidence for critical point fluctuations 12



